Fumigation is an important subject in air pollution. In a neutral atmosphere, temperature decreases with the height. However, when there is a transient condition of climate like sunrise in the morning which leads to increase the land surface temperature, temperature profile of stable condition will change. In these conditions, convection of air near the ground surface increases the turbulence and dispersion coefficient. In coastal area, there will be a temperature difference between the sea and land. This condition make the pollutants to fumigate when enters to the layer above the ground named as Thermal Internal Boundary Layer (TIBL). The height of TIBL which defines the extent of fumigation is important. Researchers suggested several formulas for estimating the TIBL height based on practical works. In this paper, computational fluid dynamic (CFD) provides discrete phase model (DPM) of dispersion using Reynolds stress transport model of turbulence (RSM) applied for estimating the TIBL height. Study domain is two dimensional, 2500 m in wind direction (sea to land) by 800 m height. Velocity profiles of the neutral atmosphere are forced to the model in neutral steady state atmospheric conditions. Resulted profiles in downwind of the inlet are compared with the forced profiles to evaluate the accuracy of the model. To simulate the fumigation, land temperature fixed to a higher temperature than the sea by 5°c. Resulted velocity profile and gradient of Reynolds stress parameters ' ' u u and ' ' v u in different elevations is used to estimate the TIBL height. The location of sharp change in the Reynolds stress specified as the TIBL height at each elevation. A formula covering the coordination of these locations fitted to define the TIBL height and its growing from coastline towards wind direction. Experimental formula which is used can be substituted by the determined formula this study.
INTRODUCTION
Fumigation is a phenomena which occurs in coastal areas. It is of the air pollution scientists concerns particularly in vicinity of industrial complexes nearby the urban areas. When a new industrial plant is planned, new emissions are proposed or production change is expected. This has particular relevance for the authorization to operate the industrial plant where ambient considerations need to be assessed for human health and ecological reasons. Wind velocity and temperature profiles have a significant effect on the dispersion of the pollutants from the stacks or vents of the industries.
Fumigation and trapping are the results of inversion. On a flat terrain, stack plumes released in an unstable or convective boundary layer are subjected to vertical diffusion until they occupy the earth's surface and the capping inversion layer. In trapped plums the vertical concentration still decreases with distance due to horizontal diffusion or spreading. Trapping can lead to very high ground-level concentrations when the inversion height is low because of strong subsidence, weak winds, or slow heating of the surface [1] . The level of the inversion base is often used as an approximation for the mixing height although the former can be substantially (5-25%) smaller than the later [2] .
Computer models for calculating dispersion of pollutants within the atmosphere have been available for many years and are generally applicable over scales up to about 50 km from release point [3] . Commercial CFD software, such as Fluent (www.fluent.com), offers a method for modeling flow and dispersion. Fluent offers the flexibility to represent the complex conditions such as plume dispersion under various temperature and velocity profile, ground heat flux and wind flow turbulence. CFD simulation can provide detailed output of flow fields (e.g. dead zones and accelerated flows), turbulence levels and concentration fields downwind of pollutant source. Kouchi et al. [4] , investigated the effect of Thermal Internal Boundary Layer (TIBL) on Ground Level Concentration (GLC) and turbulent statistical properties in a thermally stratified wind tunnel. Numerical simulations using a Lagrangian stochastic dispersion model were also conducted and its results were compared with wind tunnel results and field observation. They assumed Gaussian distribution for u and v components of velocity within the TIBL region. It was a comparison between a developed model and an experimental study. Luhar and Sawford [5] tested several fumigation models. They observed that many existing models that assume uniform and/or instantaneous vertical mixing in the TIBL, give inaccurate results for large entrainment rate and/or small vertical plume spread at the plume-TIBL interface. They developed an improved analytical fumigation model based on a probability density function (PDF) approach.
Advanced numerical methods are new approaches in environmental studies that can be used for realistic simulation of pollutants dispersion in inversion conditions. In this study the fumigation is simulated to find out the TIBL height at downstream of a wind direction coming from see to land in coastal areas using control volume method by CFD Fluent software. In order to enforce the temperature, velocity, turbulence and dissipation rate profiles the userdefined function facility of the software is implemented.
The paper is organized as follows: Firstly, the governing equations that are used in Fluent are presented. The boundary conditions of numerical simulation are discussed and then temperature and velocity profiles are defined. The plume dispersion set up is outlined and the numerical simulation results are presented. Finally the conclusions of the study are presented.
GOVERNING EQUATIONS
Governing equations of motion of the atmospheric air which is a completely turbulent flow including the continuity, momentum and energy shown here are discretized and numerically integrated in Fluent.
Continuity:
Momentum:
Where, Energy: Discrete phase model of fluent is used for pollutant dispersion. In this model, the pollutant molecules are considered as particles which injected from source point. The following equation of motion is applied on particles:
Where, u is fluid phase velocity, p u is the particle velocity,
is drag force, p ρ is the density of the particle and x F are the other forces on it.
The Fluent software solves the 2D Reynolds averaged equations for air flow, pressure, turbulence parameters and energy field [6] . The Reynolds stress terms are provided by Reynolds stress transport model (RSM) which is found to be more suitable for air pollutant dispersion [7] . There are five equations in 2D and seven in 3D for the Reynolds stress in RSM turbulence modeling as: 
is modeled to close the equations as described in Fluent user guide [6] . SIMPLE method is used to discretize the governing equations (i.e., pressure, velocity, temperature, concentration). Other theoretical aspects and boundary conditions are discussed in next sections.
SET UP OF THE BOUNDARY CONDITIONS
A 2D domain with a length of L= 5000 m and a height of h=800 m is considered for performing the numerical simulation. Wind speed of 5 ms -1 (at reference height of 10 m above the ground) and a ground roughness length of 0.1 m, represented agricultural land, are used to calculate the profiles of velocity, TKE and turbulent dissipation rate in domain of study. Velocity profile calculated based on the following experimental relation [2] .
where, u(z) is the wind speed at a height of z above the ground, z 0 is the roughness length, u * is the friction velocity which is calculated using reference height velocity, h is the domain height and κ is Von Karman's constant (0.4). The temperature profiles are defined based on the stability conditions of the atmosphere which are discussed later in this section. The TKE and dissipation rate profiles are considered similar to the profiles used by sahebnasagh et al [9] . Upstream boundary conditions of these profiles are set at inlet to the domain of study. Atmospheric air as inlet fluid to the domain considered as incompressible perfect gas with variable density. Study domain surface is discretized with an unstructured mesh, with greater resolution of the nodes close to the ground. Ground (z=0) is specified as a stationary wall with a specified roughness (z 0 =0.1). The lines of x=-2500 m and x=2500 m are specified as inlet and outflow boundaries, respectively. Also z=800 m is specified as symmetry plan. Characteristics of the generated unstructured grid are shown in Figure 2 . Figure 3 shows the inlet profiles of neutral temperature and velocity. Neutrally stable temperature profile considered as adiabatic laps rate, equal to -0.01 ْ Km -1 . The inlet TKE and dissipation rate profiles are shown in Figure 4 . To check the accuracy of the model, the inlet forced velocity profile of neutrally stable atmospheric conditions are compared with the downwind locations profiles resulted from simulation. The predicted profiles of velocity resulted from running the model show no significant change in downstream as shown in figures 5(a) and 5(b). These figures compare the velocity profiles throughout the domain for two cases, up to the height of 800 m and 200 m, respectively. As shown in Figure 5 (b) main change in velocity profile occurs only near the ground due to wind shear as it is expected [10] . The predicted TKE profiles generated by turbulence model at different downward locations of the inlet boundary are shown in Figure 6 .
As illustrated in this figure, the TKE level reduces to about 30% of the inlet value at the ground which is similar to the results founded by Sahebnasagh et al. [10] . The inlet TKE Figure 2 : Generated grid of domain profile development throughout the downstream is consistent with the atmospheric boundary layer theory. Turbulent effect begins from the end of sublayer. Outside the sublayer up to 10 m, that is called roughness layer, viscous and turbulent effects coexist. Surface layer including sublayer and roughness layer extends to the height of the order of 100 m (turbulent core) from the ground. In the region named as outer layer, above surface layer, turbulence effect reduces to its minimum at free atmosphere [2] , [8] .
The TKE level increases from zero to its peak value well within the surface layer. Since the lateral dispersion is ignored in 2D studies, it is reasonable to compare the results with the line source dispersion models. Figure 8 shows the concentration at source height with Gaussian line source model for neutral case. For this comparison average of 10 snap shots is used to eliminate the turbulence fluctuation effects. The trends of the both curves are similar and difference is due to dispersion model used. Limitations of the gaussian model lead to overestimate the concentration of pollutant at near field [2] .
TEMPERATURE PROFILES
Among the main parameters that specify the atmospheric inversion conditions are temperature and velocity profiles. Effect of the other parameters such as humidity on dispersion patterns is ignored in this study. To investigate the fumigation phenomena and clearly determining the TIBL, temperature profile of stable atmospheric conditions is considered at inlet to the domain of study, see Figure 9 . Moreover, the wind velocity profile generated from equation (5) is considered at inlet to the domain in upstream. value is adopted using adoption option in Fluent and excessive stretching in the direction normal to the wall is avoided.
PLUME DISPERTION SET UP

RESULTS AND DISCUSSION
Specific conditions of the ambient temperature and wind velocity profiles which lead to fumigation are forced as inlet boundary conditions of temperature and wind velocity to the model. Result of dispersion of pollutant under this condition is shown in Figure 10 . This figure show that present model takes into account turbulence theories and boundary conditions that are specified for, otherwise considerable errors of implausible concentrations would have been produced at the boundaries.
Since under fumigation conditions, TIBL starts to grow from coastline towards downstream of wind flow, so it is expected that some parameters related to the turbulence and pollutant dispersion to be change drastically at TIBL boundary. To estimate the TIBL height and its growing rate on land, the rate of change of turbulence kinetic energy, Reynolds stress of is studied at levels of 40 to 160 meter above the land at increments of 20 m. to check the hypothesis, the result compared for two cases, with and without temperature difference of the land and sea surface. The result showed that the drastic change of the mentioned parameters does not exist when there is no temperature difference between the land and sea surfaces. The point of drastic change of these parameters are the TIBL boundary cross point with the wind flow at that level. Considering the physics of the fumigation, expecting the drastic change of these parameters can be used to calculate the equation of TIBL height. Since it is the result of solving the exact governing equation of motion and energy, determined equation for TIBL height is expected to be more accurate than the previous analytical and experimental one. Temperature difference between land and sea (ΔT), and convection heat transfer coefficient near the land are 20 ْ c and 20
respectively. Figure 11 shows the TKE curves of each level from upstream toward downstream. The Positions of drastic change of this parameter at each level are in Table 1 . Pendgrass and Arya (1984), Viemmy et al. (1995) , Gart(1995) has introduced an equation of h=ax n which, h is TIBL height and x is the distance from coast line. "a" and "n" are constant coefficients. They have introduced the constant coefficients based on their analytical and experimental estimation. Considering the similar equation but using the exact data from Table 1 , the new equation is introduced for TIBL height by 0.333 and 0.77 for "a" and "n" respectively. Figure  12 show the TIBL height calculated from new equation and compared with the result of the equation introduced by Pendegras and Arya. The rate of growing the TIBL height is similar for two equations but due to exact solution of the governing equations the new introduced equation is more accurate to use in environment studies. 
CONCLUSION
Atmospheric temperature and velocity profiles dictate the atmospheric conditions of environment studies. The new equation for TIBL height which is very important for fumigation phenomena and dispersion of pollutant near coastlines is shown in this study.
The LP model is based on the stochastic tracking of particles using the individual turbulent fluctuations from the RSM model, thus giving the non-isotropic formulation. The set up of the model for plume dispersion requires consideration of the grid selection of appropriate turbulence and dispersion models. The recommended setup conditions determined from this study are listed below:
Atmospheric air to be considered as a incompressible ideal gas Reynolds stress turbulence model Velocity, temperature, turbulence model and dissipation profiles specified at the inlet + y Adaptation is required for better results. It should be more than 30 as suggested by Fluent CFD code.
It is important to specify correct or realistic boundary conditions for TKE and ε at the inlet. Using excessive stretching in the direction normal to the wall should be avoided. Grid study to be checked by adopting the + y value of the cells adjacent to the wall. The new introduced equation for TIBL is more accurate than the equations introduced before by the others because it is the result of solving the solution of exact governing equations of fumigation conditions. The other parameters of the dispersion and the atmosphere like temperature and Reynolds stress are studied for the subject matter too. Reynolds stress is same as TKE but its change is not as drastically as the TKE. Temperature due to graduate change in atmosphere is not reliable parameter for the subject matter. Captioned formula in this study can be used for environment study of air pollution under fumigation conditions. Since the temperature difference of the land and the sea is changed, so the equation can be revised for various ΔT.
Of the most important result, one may consider these parameters in conjunction with dominant temperature, velocity and TIBL height while designing the flares, chimneys, vents and stacks or allocate the new industrial plants near coastlines. It is well understood that the fumigation phenomena happens due to temperature difference between the land and sea and sea breeze condition. Knowing the TIBL height can be used for estimation of the mixing length and pollutant dispersion height.
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